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Abstract . ‘1’11(’ I“il(lio S!iJ’ i l l  fr(!(lll(li(i(s of” h(’\’(’l”;ll NIIIZ  illl(l IWI(IIV i s  (’sh(’lltiilllj”  1111(  ’X I) IOI”(YI  \\il II

lli~ll all:, ular r(w)lutiolt  (1(1(’ 10 r(f’ra(liot[  ;III(I ol)il(ilj ill 1 II( l’;ill’(11’S  io]l(hl)ll(’r(. :~tl itll(t~(to]l](l(l

ill’l”ilj’ ill sl)ac(’  l)to\i(litlf+ al(tilitlut(’ r(w)llltioll  itlla:(’s \vo IIl(l allo\\ a  \vi(l(, ratI~(’  of [)101 )1( ’IIIs ill

Solill”.  l)l;ill Ct:il”J’,  p,alactic,  ;111(1 (’XI I“:lg:llil(”ti(”  ilSt I“(ltlolll}”  10 1)(’ ilt t  il(’li(’(1. ‘l)ll  (w’ i]l(l[l(l(  tli(! (,\ol(ltiotl”

of Solill”  illl(] l)lall(’t~ll”j’ I’il(lio I)llhts. itlt(~]l)l:ltlf~lillj 2111(I  illl(~thl(~ll:lr  s(itltillatiotl, tll(’ (Iistlil)lltiotl

01” lo\\ (’11(’rfq’ c(ht[lic l’ilJ’S all(l (Iill”[]h(l  io]iiz(~(l lIJ(lro~(,lI  ill 0111 ~alax), t II(’ (I(~l(~ltllitl:lliotl  of slw(-

1 Itll t (11 ]I()\’(’1”  f’mlll(~tl(i(w  iill(l  ttla~ll(,ti(  fi(,l(l  S[ t“(’tl~l  Ils ill ~alil(”li( iill(l  (’X1 Iil:,:ll:l(’li(”  ra(lic) SO II I”(’(’S,

s(al(ll(, s fi)l ‘“f’ossil’”  ra(lio p,alaxifh  \vlii(ll  ill’() 110 I(,ltp,(,l (I(,t(,(’lill)l(’ 1)}’ lli~ll f’l(xlll(,ll(”,l’  s i l l \ ’ ( , J ’ s .  :111( I

s(’:11”(”11(’s  f’ol 11(’\\  S ( ) ( l l  ( ’ ( %  ()[’ C()]l(’1(’111  I“il(li(l  (’lllj SSjoll. Itt :I(l(lilioll, i t  ih Iili(’lj’  tlIat uII(IxlxIcl(xl  oh

j(Yts  iIIi(l  t~t[lissio]l  ])lcIccssw \vill l){’ (Iis(ol(](’(1  l)) sII(II :111 i]lk( r(ltllcllt ,  a s IIAS  of ’1( ’11 IIa])[)(’1l  (’(1 \\llf ’11

Iligll r(!sol(ltio]l”  olw(’r\dtiolls”  fiwl 1)(’colII(”  l)(wsil)lc ill a lI(J\\’  sl)(’(1  I“ill r(~iotl. ‘ 1  II(I Nlootl” (all l)ro\i(l(’

h]lj(il(ljll~  {Ic)ttl  t(~rr(~slrial  itll(~rf(,l(~tl(.(,  (illl(l [“l<l Ill 111(, S1111  llill~ o f ”  111(’  tit[l(’)  +111(I  (“olls(’(l(  1( ’lltl~” tll(’

IIlllill” f’ill”hi(l(’  Sill ’f i l(”(’ ofl’(’l”s :111  i(l(’al sit c of” :1 lo\V f’1”(’(lll(’1l(  ”,1’ I il~lio ill”l”ilj’.

1. ]Iltrocluctio]l

111 (11(’ Collt(’xl of ra(]io  ast rotlotlli(al”  01)sPt\2t  ions  f’l(Iltl  S])il(’(’, t II( Ioiv [1(’(ltl(ti(j  r(’~iotl  of 1 II(’ Iaclio

sl)(,(ttuttl  ciIt I I)(I  (1(’fitl(~(l as (~xl(,tl(litlf+  f’lol[l  tllf~ 1()(”:11  illlf’I’l )liill(’t?llj’  I)lil Slllil I’1’(’(lll(’ll(”j’  (21 f(\\ t(lls

(){ Iitl Z) :11 tll(’ lo\\ (’11(1 t o  fr(xlll(jtlcich  :11 \\lli(ll lli~ll r(w)l(ltiotl  olh(~t\atiotls”  (“illl  1)(’  Illil(l(’ l“(’~lllilll  J’

fIotII III( Krou IId ( i i  fiw lPIIS of ’hlllz) a t  111(1  Iligll (IF(I. ‘1’ltis \viti(lo\v  SIMIIS  tllw ot(l(th of” ]Ilagtlilu(l(

ill fmlu(,tlc}, atl(l r(’l)l(w’llts  t II(I l a s t  Itla,jor  r(~~io]l  of” 1 II($ (~l(,(t rottlagll(,ti(”  stmltut))  \\lli(ll i s  s t i l l

la Ig(Il~  uII(xl)lor(d.  )\lI itlt([f(totli(t(’t arraj  itl slm(( usitl~ \(Itj stIIall, si[[l])l(, illl(l  itl(~xl)(~llsil(~  al]a~’

clct  Il(It Ilh  coul(l ])I(KIUCC tlIe fitst all-skj’ itlla~(~s  a l  I()\v f’rcquc]icics  ill [vlli(”ll  lII(J  ;lll~lllill’ wmllilioll

i s  litili[(~(l  olllj”  I)J’ illt(’I’l)l  illl(’t:ll’j’ all(l illt(’l”st(’llill”  S(’illl(’lillp,.
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2 1).1.. loh’l:s .fKl) Ii.\\’. \\”l:lljll{

lllIl\(rw. (“olI(r(]It (Jtilissiotl  l)t{,((ss(v+ flottl (Ilj,i(xls (Jlltsi(l( 0111 hc)lar s}st(tll ar( Iik(lj 10 I)lo(ltl((

(’xtt(’ttl(~l] Ilif,ll I)tiglit Il(wi  t(IttIIJ(~[;ItIII(~s  at fr(~(lll(~ll(i(~s ofa f’(, \v llllx all(l lo\\(’r. :~(l(litiotlal s(i(tl(x’
~();IIs  ill(.]11(1(,  ([(,t(~]]tlitlitlg  III(, c)ti~ill  of(”ohttli(”  l“:lj’s, lllil[)[)ill~ tlI(J (Iisttil)llticlll  (If(lifl”lls(  l]]] ill tll~’

f+~l]:l~j,  ;~]l(] folloiyjll~”  (lIc (~lol(ltioti” of solar ra(lio 1)111s1s. +j 1(’>s  slmi(ic  1)111 (’(111:111,1’  ittll)ortatll  ~oiil

ih(xl)lo]atiot  l.” Su(lI  ii l:ll~(ol)s(t\~ltio]t:ll”  ]);llil  lli(’1(’I’  hl)ii(’(’\Vill  1)( ’01)(  ’11( ’(1  fol tlt(’ f i r s t  tit[l(’  I)J’ ii I()\I’

ft((lll(’tl(}’  illliig,ill:  alla}’ ill s}):I((’  tllal tll((lis(()\(tj ol’(OIIII)l(,t(~lj”  IIII(,xI)(x1(,(I sOIII  ((IS or I)ll}sical

}IM)((,ss(s i s  lil;(lj. ‘ 1  Iiis nil S (’1”(’(111(’ll{lJ”  1)( ’(’11 111(’ (’ilS(’ \\ll(’11(’\’(’1” lli~ll rcsollllioll ot)S(’I’\’ilt  ion  S” firht

l)(KaIII(  l)(lssil)l(’  ill a tI(\\ ])art oflll(sl)(’(lllllli. Ikt;lil(xl (Iih((lssiotlh  of’tll(s(i(ll((  [)cwil~l(  a t  lo\v

I’il(lio fl’(’(lll(’1l(’i(  ’S (’iill  1)( ’f(l(lll(l  itl Iiilssiltl 2111(1  \\ ’(il(l (l{ J!)(l).

3. A r r a y  l,ocatio])

‘III(’ itl(lilid(lal (’1(’III(’IIIS  of :1 Ioil”  fl(’(111(’ll(”j’  :11 Iilj’ \\’ill lIa\(I  Iilll(! i f  atlj (lir(!(ti\it  J, so itll(’tf(~titi~

si~tlals  frolll tllc (’ii ltll ;1]”(’ :1 I)ot(’llliilllj” s(’liolls  I)l”ot)l(’111. ‘1’fl(, tivo IIIOS(  ol)\iolls” sollltio]is”  AK to

[)l;l (’(’ t  11(’ ill”l”;  i}’\“(’l”)’ f:ll” fl”(llll 1 Il(t (’iil’t II 01” (Ill t 11(’ I)il(’li hi(l(’ of 1 II(’ II IC)OII. Ill I)otll casch 1 11(’ l)l”O1)l (’111

()( ~(,t t itl~  (Iill  ii (l(l\rtl 10 1 11(’  ~t”ollll(l fol” l)loc(will~ ih IIlil(l(’  11101”(”  (ottl])li(at(~(l, I)ul III(I IuI1211  ()[)ti()tl

llilS ill 1( ’ilSl  IIII(Y’ il(l\’illlt21~(’S: 1 )  t(]t(wttial  itll(llit(tl((  ih (litl}itlat((l, tiot jllsl att(]lttatc  (l, 2) otllj’

Ilillf of [ II(’ (vl(slial  S])ll(’1(’ lll(lst I)(J itlla~((l  i l l  :1 gi\(tl  tittl(. illl(l :;)  t  II(’  ill” l’iij’ ~(’olll  (’l I“)’  (10(’,S Ilot

11(’(YI  1 0  I)(’  cotltitl(]ol]slj”  Illotlil(ll(,(l  or (’0111  roll(’(1.  ()[” (“olllh(”  { II(, sllll i s  also  I)lo(”li(’(1  lIalf of t II(’ titll(’.

‘j’flis i s  i, ((,1, {(11,  t)(Y:illS(  Soliil  olx-xr\ali(,tls  ill”(’ 011(” o f  111(’ IIlaitl s(i(tl((  Roil 5I  ,  ~11(1  illS() IJ(Y”2111S(}

il itll])li(’s  il si~tlifi(”atll I):ltt(’rj  I(,(lllil(!tll(’lil. llCj\\(’\’(’l’,  i t  (10(’* Iwtl((it  ol).W’l”\iltioll  S” ()( ~ill:lCli(”  illl(l

(’Xt lii~illil(”li C S()(lt”(”(%,  \rllicll \\’ill I)(J 111(1 (’11 \i’(’illi(’1”  111:111 t  II(’  Sllll.

S(’\’(’l  ill sil(+ 011 {11(’ I(lllat farsi(l(, itl(l(l(liti~  1  II($ (’1”ilt(’1’h  ‘I’hio Ilio\”Sl<j’”  ;111(1 Salla, l121\’(’  Ix’(’11 ])10

1)os(’(1  ilS I()(ali()lls  fol ra(lio 1(  ’1(  ’S(”01)(’S. o111,1”  Iill”f+(’ (’1’~t (’lb ;11”(’ l l S ( ’ f i l l  fol” il lo\\ I’1’(’(111(’11(’j’  ill”l i i } ’

Imausc I)as(litlrs (II)  to at ](asl 1 0 0 ”  fiIII \vill I)(I tI(KYl(Yl  to ot)tai]l III(’ Ilip,ll(ht LIS(’I’111  illl~lll ill I“(W)

IIlliotl.  ;\ll s()(II(cs \vi Il I)(I r(w)l\(Yl  011 11111(11  loti~(’t  Ijas(’li[l(h  (1(1(1  10 itlt(thl(llar  a[I(l itll(tt)l:itl(l;itj

s(”att(tillf+.  l,itlfi(’1(1 ( If)!)(i) IIas I)oillt((l  0111 t Ilill f+()()(l  1)1 Ias(’ (011(  ’I’(11((”  (:111 I)(’  ol)taitl((l  0 1 1  I)as(litl(,h

(l!) 10 ilt 1( ’tiht 100” I i  I l l  ilt f’t((l(l(~tl(i(h  or il f’(’\V  Illlli’ illl(l 11})  10 ~lt 1( ’il St :10 Ii Ill ill 1 NIIIZ.

4. Array l)eploylne]lt a n d  O])eration

‘1’11(’  (os(  alI(l cotlll)l(’xit~  o f ( l ( l ) l o J ’ 1 1 1 ( ’ l i t ”  i s  iIII itlll)()[talll  ihhll( fol :IIIJ’  Illllill”-llilS(Kl itlhltlilil(llt.  IIi tll(’

(“as(’  of’il lo\v f’1”(’(111(’ll(”j’  la(lio itll(,tf(’]otll(’1(’l  1  II(,  ilt(lil’i(lllill  ill”l”il}’ (’1(’  111( ’]11s (all I)(’  ]’(’]”}’  S]llall ill I[iass

illl(l  l’O1llll]  (’, atl(l as a r(’slllt  i t  III;IJ’ I)(’ ])ossil)l(~ 10 (1( ’l)lo\” 111(’ (,1( ’l[lcllts \’ia
. .

“S(’llll-lldl’(l  lilll(lill~s.

‘1’llis \\ ’olll(l  s t i l l  r((llliw a r(’1 ro IIloto  l’” to (l(’(’(’l(’l”ilt(} (Iacll  (’1(’  111(’ 111 to 1(’ss tllilll  a  f(’\\’  111111  (11”(’(1  I l l / s

I)tio]  10 11111  ill” i]ll]);ict, I)llt this is il sitll])l(t  illl(l 1(%s  (xl)(llsi\( i((l(lit(]ll(tlt  tllall a (’01111011 (’(1” sofl

la]l(litl~. .4 t\V()  I);ll”t ill’lil}’  (’1(’1]1(’llt  (’(1(11(1  1,( (IS(’(1 ill \\lli(ll ttl(’ 11101( lllilSsi\’( I)illt 1)(’11(’11”:11(% ii f(\\’
111( ’1(’1s  into t II(’ Iullal r(~p,(jlit  II (l)to\i(litlg \’(’l)’  p,(x)(l  111(’1 Illill itlsl]latiotl for (!1(’(’1  rotli(.h  all(l  Ijilll(’l”i(’h)

atI(l t  II(’ 1(’ss t[lassi\(~  \vi(l(~t  I)ill”t  cotlt aitlill~ solar ((’11s 2111(I  a lo\v-gaitl  tcl(’1ll  (’t rj’ allt(’lllla Sl?l.l”s at tllc’

S(l l“f”il (’(’. ‘1’11(1 I()\v fr((lll(’]1(}  r(r(~i\illf+ illlt(’lllliiS (0111(1  I)(J sitill)l(  \viwh (!,i(,(t((l  onto” tllc I(ltlar s(llfac(’+

\vlii(ll  i s  a K(NKI  (’l(rtt ical itlslllato]  at lo\\ f’1(’(1(1(’]l(i(~h.

‘f’fl( lack of si~llifi(atlt  (liwcti\it}  ill itl(li\i(llt; lI lo\v f“r((l(l(]lo”  illlt(}lllliih Illafi(w  i t  tI(T(ssarJ’  to

Cl”OSh-(”ol’  l’(’Iilt(’”  (1~1~ f’ol”  l)llil S(’ (’(’1 11( ’1”S  (“()\(!till~  t 11(’ (~tltir(’  \ihit)I(~  Sfi}’  SO 1 Ililt si(l(~lotws  f’l”olll  illl St 1“011~

Soil 1(’(’s (“a II I)(’ 1“(’lllo\’(d  . ‘J’llis II I(I;I IIS lIial IJ’ (10ss (’ol[’(,lilli(llls \vitll (Iifl”(!r(!tlt  (1(,1 :1}’s :111(1  (l(,laJ’  I“at Cs

for (arll Ims(’litlc.  ‘1’11( tilSli i s  Ilot  (Ii fficl]lt i f  (lo]l(” \villl liit~(’ ~lollli(l-tms(’(1  (oltll)(ltcrh,  t)ut i t  i s

Ulllili(’1]” that a lul  Ial-l)as(’(1  ((111  (’liilol \t’olll(l I)(’ ])ta(”tical.  (“olls(’(111(’litl}” a (lala 1“(’laj’ sat(!llit(~  or a

s(, ri(+, c)~ data ]Vlal’  slat ions ;1(’1’oss  tll(’ IIlllill” S(ll”fa(’(’  Ivill 1)(’  11( ’(d(d  to ~(’t 111(’ ]’:t IV d~t?l  (:lt  21 I“:lt(’

o f  s(’\’(’l’ill  hl t)/s) to (’art Il.

I’arl of (Ilis Ivolfi  L1’ii< (.artiul 0111  l)>’ 111( .1([ I’lc)l)lllsiotl I,:ll,(,liitolj’, (’:tlifo]l,iii IIi>lil(ll( of ‘J’((IIIIoIo:J

1]11(1(’[’ (’olltl’ii(”t  Ivitll 111(’  N]alioll;ll  .lfrcllldllli(’s  illl(l S]l:t(”t :f(ltllitlisll:tliotl. I i \ \ ’ \ \ ”  \risll(s  10 tllilllli tll( ()[li(”(
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